Introduction
Genetic variation is the raw material for evolutionary change, consequently, 27 one of the defining empirical questions in evolutionary and population genet-28 ics is the measurement of genetic heterogeneity in natural and experimental loss of generality, assume that the sample consists of n haploid genotypes 149 or known/phased haplotypes, regardless of how they were sequenced or the 150 number of reads (we note that if we were working with diploid genotypes, 151 phasing would not matter if pairwise distances are computed with respect 152 to the per-site genotype). 153 For an idealized model of ILS in an aggregate sample of microbes or 154 cells, we assume that the number of individual genomes (i.e. from different 155 tumor cells or microbes) that contribute reads to a sample is much larger 156 than the sequencing read depth (mean coverage depth) n. If this is the expectation for an indicator function on pairs of pairs with a shared element 203 as E(φ ij , φ jk ) = κ. N 2 = n(n − 1)/2 N 3 = n(n − 1)(n − 2)/2
The value of N 3 follows from the fact that there are n(n − 1)(n − 2)/6 ways 210 to select a triplet i, j, k, and three ways to select a shared element from this 211 triplet. In Appendix A1, we cover some of the properties of ordered pairs 212 of pairs, including the derivation of the following relation which we will use 213 below to compute var( π) under ILS and WHS,
We will use this
Case 1: Independent Locus Sampling (ILS)

217
For ILS, we use the indicator function at a single site s, f ij,
(note that h s is the heterozygosity at locus s).
220
The expectation of the indicator function for ordered pairs on pairs in-221 cludes a covariance term, namely,
The sampling estimator for π under ILS is given by
From the assumption of statistical independence among sites s located on 223 different reads under ILS, it follows (Appendix A1) that for a sample of n,
We remark that in practice, the assumption of independence requires that 225 the number of possible samples of size n is much larger than the number of 226 segregating sites (i.e. N n so that N n S N ). 
243
Using these terms, we compute the expectation:
Assuming independence (linkage equilibrium, D sr = 0 for all s, r) gives re-245 sults equivalent to ILS, i.e. both equations simplify to γ sr = δ sr = 4p s q s p r q r .
246
The mean and sample variance terms for the expected pairwise distances are, 247 respectively,
while the covariance κ for the ordered pair of pairs with a shared j element 249 is:
By incorporating κ, we can construct the sample estimate and variances for g ij . For the WHS model, z i ∼ p(z), independently, from which we construct the sample estimate for g n as:
now averaging over haplotypes z i (rather than independent counts for each site).
Note that g n is again an average across pairs, like f n in the ILS case.
We again apply the result in Eqn.
(3) to find
Difference and independence 251
Using the results in Eqns. (4) and (5), we derive the difference between the 252 sample variances in pairwise differences under WHS vs. ILS as
By collecting terms, we can rewrite the above as
For notational convenience, we define:
In the absence of linkage disequilibria among pairs (D sr = 0 and therefore i.e. that for most pairs of loci s, r, the "major" alleles (those with p s , p r > 0.5) As a result, for the majority of variant allele pairs in a sample, we have 301 p s , p r 0.5.
302
In the absence of recombination, multilocus haplotypes behave as alle-303 les at a single locus, so that the infinite sites model becomes effectively an 304 infinite alleles model (Tajima, 1996) . Therefore, every new mutation is in haploid organisms G1...G8 characterized by 4 segregating sites S1...S4. We 641 assume a sampling depth of n = 3 and sufficiently many reads to capture 642 all segregating sites. In the left panel, we have a random instance of WHS 643 via the sampling of G2, G4, G5 (gray ovals representing sampling), giving a 644 mean pairwise distance of π = 2. In the right panel, we have a random ILS 645 such that G1, G3, G8 are sampled at S1, G4,G5 and G8 at S2, etc, giving 646 a mean genetic distance π = 8/3. 
For the variance, note that 
where the first equality is due to Eqn. 
